hospital care, remote and rural medicine, resuscitation incidence.
In the United States and Europe, out-of-hospital cardiac arrest (OHCA) is estimated to account for almost 700,000 deaths annually. 1, 2 In Ireland in 2014, the unadjusted incidence of OHCA where resuscitation was attempted was 43 patients per 100,000 population per year. 3 Incidence of OHCA varies internationally, both between and within countries. [4] [5] [6] [7] [8] [9] Most OHCAs have a cardiac etiology, and for this reason, much of the variation reported can be explained by differences in individual patients, most notably age, gender, ethnicity, lifestyle, genetic/congenital factors, and comorbidities. [10] [11] [12] [13] [14] Event incidence may also have a geographic component, and clustering of OHCA cases in specific geographic areas has been demonstrated in previous studies. 7, 8, 15 Statutory Emergency Medical Services (EMS) are tasked with ensuring equitable provision of prehospital resuscitation, regardless of the geographic location of the OHCA event, and poorer outcomes have been reported for rural-dwelling patients. [16] [17] [18] This is a particular challenge in Ireland, where emergency response times have been shown to be significantly longer in more rural areas. 19 In view of the disparity in outcomes, it is important to understand if there is a specific effect of rurality on the incidence of OHCA so that planning for resuscitation services accounts for differences at the urban-rural level.
We have previously reported on marked differences between incidence in Irish urban and rural areas, where "urban" was classified as a population cluster of 1,500 people or more. 16 In OHCA research, the difference between urban and rural areas has often been defined in terms of population density. 15, 18, 20 More recently, we have used a 6-category urban-rural "index," which reflects the urban-rural spectrum by taking into account population density, settlement size, proximity to urban centers, and land use. 21 When adjusted for the age and gender profile of each category, while a significant difference in urban-rural incidence rates remained, the differences between Irish urban and rural incidence were reduced, if not fully explained. 22 Building on our previous research, using this more nuanced rurality categorization, the aim of this study was to quantify the remaining difference in OHCA incidence between urban-rural categories using area-level variables derived from and based on Irish census data.
Methods
This retrospective, cross-sectional study used data from the national Out-of-Hospital Cardiac Arrest Register (OHCAR), extracted for the period January 1, 2012, to December 31, 2014. 23 The national OHCAR includes patients who experienced an OHCA, were attended by statutory EMS, and had resuscitation attempted. During the study period, pre-hospital cardiac arrest protocols followed the recommendations of the 2010 International Liaison Committee on Resuscitation (ILCOR). 24 Specific circumstances existed under which the EMS were permitted not to attempt resuscitation, including recognition of death and the presence of a "do not resuscitate" order. 25 Patients under age 18, events that were witnessed by the EMS, or that occurred as a result of a traumatic event were excluded from the study.
Each event address was geocoded using the Irish mapping application, "Health Intelligence Ireland." 26 Geocoded addresses were mapped to their corresponding electoral divisions (EDs) using the geographic information system ArcGIS Software (Environmental Systems Research Institute [ESRI] Inc., Redlands, California). ED are legally defined areas for which small area population statistics are published by the Irish census and are similar to census tracts. 27 Ireland is divided into 3,444 EDs, but we aggregated to 3,409 to protect confidentiality in some small EDs.
Two ED-level explanatory variables were extracted from census data (ie, proportions of persons living in 1-person households and self-reporting bad or very bad health [poor health]). 28 The 2011 deprivation index, published by the Small Area Health Research Unit (SAHRU) in Trinity College, Dublin, was also used as an explanatory variable. 29 Deprivation reflects the level of disadvantage in an area, and thus it is a multidimensional measure of the socioeconomic status of an area. A higher positive value indicates more severe deprivation. While the components may vary, the concept of material deprivation is similar to the concept of socioeconomic status used in the United States. The index comprises the following 4 indicators extracted from the 2011 Irish census: unemployment; low social class; no car; and type of housing tenure. Principal component analysis was to create a weighted combination of these factors. Material deprivation of individual EDs is expressed as deciles, with 10 referring to the most deprived 10% of EDs.
Based on the location of ambulance services nationwide, the median distance from an ambulance station to each ED centroid was also calculated using the proximity toolset in ArcGIS.
In order to understand the rurality of disease, Teljeur and Kelly have argued that "different aspects and dimensions of rurality must be considered in order to provide an overarching classification." 21 For the purposes of this study, an updated version of their urban-rural classification was calculated with data from the 2011 Irish census. Finally, each ED was categorized into 1 of the resulting 6 urban-rural classes: city, town, near village, near rural, remote village, and remote rural (remote). The distinction between "near" and "remote" is on the basis of proximity to population centers, which implies access to services and amenities. As the census population of Dublin Airport ED does not reflect the daily population due to passenger throughput, it was excluded from analysis.
The total number of adult OHCA resuscitation cases for each ED was categorized into 5-year age bands by gender. The ED population data for a corresponding breakdown was extracted from census data for 2011. 27 The incidence rate in each age band by gender nationally was calculated and then applied to ED population figures to calculate the expected number of adult OHCA resuscitation cases for each ED. The ratio of observed to expected OHCA resuscitation cases was calculated for each ED, providing the outcome of interest (incidence ratio [IR] ).
Mixed effects multilevel linear regression modeling was performed to test for a random intercept (ie, for In order to check whether the effect of urban-rural class could be explained by area-level variables, the EDlevel explanatory variables were added to the null multilevel model (including interaction terms), and a likelihood ratio test was used to assess the effect of each variable on the model. No interactions between explanatory variables were found. The appropriateness of allowing for a random slope (ie, differing effects of explanatory variables across urban-rural classes in the model) was also assessed. To ensure robust standard errors for regression coefficients, 1,000 bootstrapped resamples of the study population were performed. The bootstrap method of error estimation involves "resampling" of the data to generate estimates of the data distribution from which robust confidence intervals can be derived, thus avoiding reliance on assumptions about data distribution that may not be valid, particularly when data are not normally distributed.
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Results
Of the 4,807 patients eligible for inclusion in the study, 4,781 cases (99.5%) were successfully geocoded to at least ED level. Following exclusion of cases that occurred in Dublin Airport ED, a total of 4,755 adult OHCA resuscitation cases were included in the analysis. Almost twothirds of patients were male (n = 3,203; 64.7%). Patients ranged in age from 18 to 100 years, and the average age was 65.4 years (standard deviation 17.2 years). Over half (55%) of patients were aged 65 years or older. As shown in Figure 1 , OHCA resuscitation incidence ranged between 0 and 29 cases per ED, with cases occurring in just over half of EDs (n = 1,713; 50.3%). The IR varied from 0 to 18.38 across the 3,408 EDs included (see Figure 2) .
The distribution of urban-rural classes across Ireland is presented in Figure 3 . The most remote rural class tends to be situated along the western seaboard, while the near rural class tend to be clustered around the EDs classified as town or city (more prevalent in the east of the country). The near village class is situated in areas with relatively more near rural EDs. Conversely, the remote village class-the least common class-is more likely to be situated in areas with more remote rural EDs. In contrast, Figure 2 shows the ratio of observed:expected OHCA incidence as more randomly dispersed across EDs nationwide.
Characteristics of the study population and ED, categorized by urban-rural class, are presented in Table 1 .
The multilevel null model was a superior fit to the single-level model for IR (Likelihood ratio test statistic at 1 d.f.: 72.31 [P < .001]), indicating variation at the urban-rural level. The proportion of unexplained variance that was due to urban-rural class was 2.36% for the IR. Model fit improved significantly when adjusted for the SAHRU deprivation score. As shown in the final model (Table 2) , increasing SAHRU score was positively associated with IR, and unexplained variance between urban-rural classes was reduced to 1.19% when adjusted for SAHRU score. The addition of median ambulance distance reduced unexplained variance to 0.45%. There was no evidence of a random slope (ie, varying effect of deprivation across urban-rural classes for IR). Addition of other variables of deprivation from the census (ie, proportions of persons living in 1-person households and self-reporting bad or very bad health [poor health]) did not improve the model.
Discussion
This study shows that in a national database of OHCA where resuscitation was attempted, after adjustment for age and gender, urban-rural area-level differences are almost fully explained by area-level deprivation and proximity to ambulance services. In 2017, Borders suggested that it is not sufficient to establish whether urban-rural disparities exist, but that it is necessary to explore the "potential mediators and moderators" of these differences. 31 Since we first identified a difference in urban-rural OHCA incidence in Ireland, through subsequent studies we have tried to address each subcomponent to understand the reason for urban-rural variation in Ireland. 16, 22 To the best of our knowledge, this is the first study to attempt to quantify and explain the effect of rurality on incidence of OHCA in a national population.
The definition of rurality varies greatly internationally. Since 1910, the United States Census Bureau has classified areas with a population of at least 2,500 within its boundaries as urban, with all other areas being considered rural. 32 Internationally, definitions of rural range from settlements with fewer than 30,000 inhabitants in Japan to settlements with fewer than 200 people in Sweden. 21 In the Irish urban-rural index used here, settlements containing more than 1,500 persons are almost universally considered towns. While most classifications rely on 1 indicator (ie, population count or density), rurality may be considered as a larger concept; it has been theorized that characteristics such as agriculture, forestry, mining methods, and water quality should be considered. 33 Differing degrees and dimensions of rurality may pose differing challenges to health service provision.
Our study describes rurality in the context of the Republic of Ireland, using characteristics that may impact on the Irish OHCA population, such as settlement size, proximity to urban centers, and land use. 21 The distinction between "near" and "remote" is on the basis of a gravity model of proximity to settlements within 48 km. Fortyfour percent of "near" EDs and 26% of "remote" EDs are within 48 km of 1 of the 5 cities in Ireland. With the exception of some of the islands, the most remote parts of the country are up to 160 km (or over a 2-hour drive) from 1 of the 5 cities (or to a city in Northern Ireland).
Relative to other countries, this may not seem particularly remote. In the context of OHCA, however, where rapid intervention is essential, the concept of "remote" does not need to be on the basis of large distances.
Applying a localized urban-rural classification does, however, mean that our results may need adjustment to be applied to other countries. Once rurality is defined, however, the methodology used in our study to quantify the effect of rurality on OHCA incidence is equally applicable in other countries, and it will enable the generation of results that are appropriately localized to the area of study. 34 The urban-rural effect in our study adjusted for EDlevel deprivation score. In their study of participating centers in the Resuscitation Outcomes Consortium, Reinier 16 (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) 16 (12-20) 15 (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) 17 (12-23) 13 (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) IR, observed:expected incidence ratio; EDs, electoral divisions; km, kilometers; SAHRU, small area health research unit; SD, standard deviation; IQR, interquartile range.
The and associates found that socioeconomic status was a predictor of incidence of sudden cardiac arrest. 35 It is of note that the coefficient for this variable in our study was very stable throughout, even when the median ambulance travel distance was included in the model. Our study therefore supports the finding that OHCA resuscitation incidence is statistically significantly higher in more deprived populations, albeit-in the Irish context-that the size of the association is small. The concept of deprivation used (SAHRU) is closely aligned to the concept of socioeconomic status in the United States. Shavers observed that the components used to construct socioeconomic scores vary in health disparity research. 34 For this reason-while the methodology used in this study can be applied elsewhere-it is hypothesized that the significance and strength of the association between rurality and deprivation will vary, depending on the context and the measure used.
One possible explanation for our finding that proximity to ambulance stations is associated with OHCA resuscitation incidence is that the more rurally located an OHCA patient, the less likely that the patient will have a resuscitation attempt. When an OHCA occurs in an area that is remote from an ambulance station, and if resuscitation is not commenced before ambulance services arrive, it may be more likely that resuscitation is deemed inappropriate when EMS personnel examine the patient. In the absence of national data on overall OHCA cases, it is not possible to confirm whether this is the case. Only the recent consolidation of ambulance dispatch into a national operations center has allowed the introduction of dynamic deployment of ambulance resources in Ireland. Our data predates this development; therefore, it may be expected that dynamic deployment could have further decreased any disparities between urban and rural OHCA incidence. It should, however, be remembered that the actual effect found was very small. Table 1 shows that 34% of all cases occurred in rural and village EDs, and 36% of the total adult population resides in these areas. The adult population density ranges from 11 adults per square kilometer in remote rural areas to 47 adults per square kilometer in near villages. Providing an adequately rapid ambulance response to these areas of low population density will remain a challenge, even with the introduction of dynamic deployment. Irish rural communities have a long history of reacting to this issue by providing a community response. 36 Again, in recent years, the formation and deployment of Community First Responder groups in rural areas has been supported by the National Ambulance Service, and a national strategy which will attempt to address these challenges is being developed.
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Limitations
This study has a number of limitations. First, almost half of EDs had an IR of 0, and approximately 72% of EDs had a predicted rate less than 1 case. High numbers of zero values may be expected to lead to an underestimation of variance, though simulation studies have suggested that a sparse data structure has a limited effect on model robustness. Therefore, we propose that the presence of zeros should not have affected the validity of our estimate. 38 Such low incidence, however, is likely to have contributed to unexplained variation at the ED level, and a slight change in observed incidence may have a dramatic effect on IRs. To the best of our knowledge, this is the first time that multilevel modeling has been used to examine OHCA incidence across regions with remote rural areas and small or zero incidence counts. Ong and colleagues used multilevel modeling of similarly small geographical units in their study of incidence variation in Singapore. 39 Singapore, however, is more uniformly metropolitan and densely populated than the Republic of Ireland, and therefore small areas in Singapore are less prone to variation than Irish ED. In view of this issue, as subsequent years of OHCAR data become available, we intend to repeat our analysis in order to test the validity of our current findings. Further aggregation of data may also be an option. 40 We explored the option of aggregating neighboring EDs that were of the same urban-rural class and deprivation decile, but this method had little impact on the number of units with little or no cases.
Second, events were geocoded to the location of arrest rather than patients' residential addresses. Incidence rates were calculated using population data from the ED where the event occurred, even though almost one-third of cases occurred at a location other than a residential address. Our calculations assume that the majority of patients collapsed in the vicinity of their homes, as we were unable to obtain residential address data for all cases. It is possible that had geocoding been based solely on patients' home addresses rather than event location, this may have affected the IRs obtained.
Third, this study includes only OHCA cases where resuscitation was attempted and does not fully reflect the burden of OHCA in the Irish population. Considering that the majority of cases included in our study would be presumed to have suffered an OHCA of cardiac etiology, our finding of a "rural effect" in relation to OHCA incidence may reflect a relationship with cardiovascular disease (CVD). While our finding suggests that OHCA resuscitation incidence tends to be lower with increasing rurality, Haraldsdottir and associates found a higher adjusted incidence of CVD mortality in the rural Icelandic population, while Kulshreshtha and colleagues found that high CVD mortality persisted in some subgroups, including rural populations. 41, 42 In contrast, our findings are in agreement with Ro and associates, who found that OHCA where resuscitation was attempted increased with increasing urbanization. 18 Our data relates specifically to OHCA where resuscitation is attempted, and thus they should not be considered as a proxy measure for overall OHCA incidence.
Conclusion
In summary, this study suggests that there is significant urban-rural variation in OHCA incidence in Ireland, but that this variation is limited and almost fully explained by area-level deprivation and proximity to ambulance stations. The methodology used in this study has provided a national estimate of the effect of ED-level factors in OHCA resuscitation incidence. The use of methods that allow area-level factors to be acknowledged while accounting for spatial variation at local level, such as Bayesian modeling, may be able to provide further explanation of more localized differences in OHCA resuscitation incidence. Such further research could help to inform pre-hospital resuscitation planning that is targeted at particular areas and communities. 43 
